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(54) Title: CORROSION RESISTANT CEMENTED CARBIDE 
(57) Abstract 

The present invention discloses a sintered cemented carbide alloy with excellent corrosion and oxidation resistance . ^e al- 
loy comprises 70-98 weight-% hard material essentially comprising WC in a monophase binderphase. It has surprisingly been 
found that by the use of submicron WC the corrosion and oxidation resistance can be improved compared to known corrosion 
and oxidation resistant cemented carbide alloys. 
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^ rr o«i Q n re ^j «*»"*- remented carbide . 

The present invention relates to a new cemented carbide 
grade with excellent properties especially for tools in 
the wood industry. More particularly, the invention 
relates to a cemented carbide in which submicron WC has 
been distributed in a monophase binder phase based on 
Ni, Co and Cr. 

Reconstituted wood products, such as medium density 
fibreboard and chipboard, are the main raw materials in 
the furniture industry. They are also used in the 
housing industry to some extent. 

These products are machined with a variety of tool 
materials, from high speed steels to cemented carbide 
to polycrystalline diamond. A leading role has been 
played and is still being played by tools made with 
20 cemented carbides. 

The composition of the cemented carbide grades used for 
wood working tools consists generally of tungsten 
carbide (WC) , as the hard component, and cobalt (Co) as 
25 a binder to hold together the WC crystals. Sometimes 
small amounts of other carbides, like titanium carbide, 
tantalum carbide, etc, are added. 

To satisfy the different demands on hardness and tough- 
30 ness, the amount of Co and/or the grain size of the WC 
are varied. Higher Co-content and/or larger grain size 
decrease hardness and increase toughness. 

Mechanical wear, especially abrasion, has been thought 
35 to be the primary mechanism of tool wear when machining 
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reconstituted wood products. Recent work, however, has 
proven that chemical mechanisms such as corrosion and 
oxidation play a significant role in tool degradation. 
The same is valid also for tools for machining of 
5 printed circuit boards and similar composite materials. 

As these wood products are machined, the tool tempera- 
ture can increase dramatically. As the temperature 
increases, the wood products go through thermal break- 

10 down resulting in the introduction of numerous chemi- 
cals into the cutting environment. In all, up to 213 
different compounds have been identified upon the 
destructive distillation of wood. The machining of 
medium density fibreboard and particle board produces 

15 even more decomposition products. These products not 
only have the wood fibres, but also a binder such as 
urea, formaldehyde, wax and glue fillers and extenders, 
and possibly chemicals added as flame retardants. 

20 The decomposition products formed are highly corrosive 
and attack the Co-binder that holds the WC grains 
together. When this occurs, the WC grains are removed 
by mechanical action and the tool cutting edge loses 
its sharpness and its cutting capability. 

25 . 

The high temperature achieved when machining wood 

products contributes also to the degradation of the 
binder by oxidation of the Co in air. 

30 What has been said above is also valid when cutting 
green lumber or dried wood. Both products contain 
moisture and organic acids capable of dissolving the 
Co-binder and therefore weakening the bond holding the 
carbide particles in place until the exposed particles 

35 are removed mechanically. 
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The present invention relates to new types of cemented 
carbide with excellent properties regarding corrosion 
and oxidation resistance particularly satisfying the 
different needs of the wood industry. The other pro- 
5 perties distinctive of cemented carbides, like resis- 
tance to abrasion, toughness and brazability, have been 
kept to an optimum. 

Resistance to corrosion and oxidation has been achieved 
10 by alloying the binder and distribute it in a cemented 
carbide structure consisting of submicron wc-grains, 
which permit an optimal distribution of the binder, 
resulting in a structure consisting of both thin layers 
of binder and small WC grains. The large surface to 
15 volume ratio of the submicron WC grains permits an 
optimal anchorage of the grains to the binder. 

The material according to the invention comprises 70-98 
weight-% hard material which is essentially WC with a 

20 mean grain size smaller than 0.9 f» f preferably smaller 
than 0.7 »xm, most preferably smaller than 0.5 /oa. In 
addition, the material contains max 0.8 preferably max 
0.2 weight-% of VC and/or ZrN. The binder phase 
comprises in solution, in weight-%, Co max 90, Ni max 

25 90, Cr 3-15, W max 30, Mo max 15 and, in addition Al 
max 2, Mn max 10, Si max 2, Cu max 10, Fe max 20, Ag 
max 5 and Au max 10. In a preferred embodiment the Ni- 
based binder-phase comprises in solution, in weight-%, 
Co max 30 and Mo 1-6. In another preferred embodiment 

30 the binder-phase comprises in solution, in weight-%, Co 
30-70 and Mo 1-6. The binder-phase may also comprise in 
solution 0.1-10 weight-% TiN and/or TiCN. 

The concentration of carbon in the sintered cemented 
35 carbide must be kept within a narrow interval. This 

condition must be fulfilled in order to obtain a mono- 
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phase binder and to prevent the formation of brittle 
carbides. The optimal concentration of carbon to retain 
high resistance to corrosion and oxidation as well as 
toughness, must be, in percentage by weight, 6,13- 
5 (0,061 ± A) x (100-hard material in weight%) for con- 
centration of Cr+Mo between 3-15 weight-% where 
A= 0.008, preferably A= 0.005 and 6,13-(0,058±B) x 
(100-hard materials in weight %) for concentration of 
Cr+Mo between 16-30 weight-% where B- 0.007 preferably 
10 B= 0-005- 

The cemented carbide alloys according to the invention 
are manufactured by powder metallurgical methods: 
milling, pressing and sintering. The grain size of the 
15 WC-powder shall be < 0.8 Mm, preferably < 0.6 f». By 
the addition of small amounts of VC and/or ZrN the WC- 
grain growth during sintering is inhibited. 

The cemented carbide according to the invention is 
20 particularly useful for cutting of chipboard, medium 
density fibreboard, particle board and solid dried and 
wet wood. For cutting of chipboard, medium density 
fibreboard and particle board the binder phase content 
shall be max 4 weight-% preferably max 3 weight-%, for 
cutting of solid dried wood the binder phase content 
shall be 4-9 weight-%, preferably 4-6 weight-%, and for 
cutting of solid wet wood the binder phase content 
shall be 10-30 weight-%. 

The cemented carbide according to the invention is also 
useful for tools such as drills, microdrills and 
routers for machining of printed electronic circuit 
boards and similar composite materials. In this appli- 
cation the binder content shall be 3-20, preferably 4- 
35 12 weight-%. 
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Example . 
A cemented carbide grade according to the invention 
with the following composition in weight-%: Co 1.9, Hi 
0 7 cr 0.3, VC 0.2 and balance WC with a mean grain 
size of 0.6 Mm was tested against a corrosion and 
oxidation resistant WG-Ni-cr-Mo-alloy disclosed in e.g. 
EP-A-28620, see particularly ex 7 and a straight WC-Co- 
material both with the same binder-phase content. In 
the test, chipboard 20 mm covered on both sides with a 
0.16 mm layer of melamine has been machined using a 
milling cutter and the following cutting data: 

- diameter of cutter 125 mm 

- cutting depth 3 ' m 

- cutting speed 40 m / s 
_ feed 6 

- cutting edge angle 55 

20 

- rake angle 

- clearance angle 15 

The edge wear of the cutting edge as well as the sur- 
face finish of the chipboard were measured at 0, 2000, 
5000, 20000 and 40000 meters. 

The following results were obtained: 
25 Average wear in m at different cutting lengths, m 



15 



20 



wc+Ni+cr+Mo 

30 WC+Co 



2000 


5000 


20000 


40000 


i 25 


37 


73 


87 


36 


54 


90 


104 


42 


56 


106 


141 



35 



The cemented carbide according to the invention shows 
significantly lower wear than the conventional car- 
bides. The conventional type of corrosion and oxidation 
resistant cemented carbide shows at 20000 meters about 
the same wear as the new type at 40000 meters. 
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The surface finish produced by the inserts of the 
straight WC-Co cemented carbide was found unacceptable 
after 20000 meters, while for the inserts in the new 
type of cemented carbide the surface finish was still 
5 acceptable after 40000 meters. 
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Claims 



1. 
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Sintered cemented carbide alloy with improved cor- 
rosion and oxidation resistance comprising 70-98 
weight-% hard material comprising WC in a monophase 
binder-phase based on Ni and/or Co 
characterized in 

that said binder-phase comprises in solution, in 
weight-%, Co max 90, Ni max 90, Cr 3-15, W max 30, Mo 
max 15, 



that the total carbon content, in weight-%, is 
6.13 - (0.061 ± A) x (100-hard material in weight-%) 
15 for concentrations of Mo+Cr between 3 and 15 weight-% 
where A = 0.008, preferably A = 0.005 and 6.13 
(0.058± B) x (100-hard material in weight-%) for con- 
centrations of Mo+Cr between 16 and 30 weight-% where B 
= 0.007, preferably B = 0.005 

20 

that the mean grain size of WC is <0.9, preferably <0.7 

and that the alloy further contains <0.8, preferably 
25 <0.2% VC and/or ZrN. 

2 Sintered cemented carbide alloy according to claim 1 
characterized in that said binder-phase 
comprises in solution, in weight-%, Co max 30 and 

30 MO 1-6. 

3 sintered cemented carbide alloy according to claim 1 
characterized in that said binder-phase 
comprises in solution, in weight-%, Co 30-70 and 

35 Mo 1-6. 
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4 . Sintered cemented carbide_ alloy according to any of 
the preceding claims characterize « in 
that said binder-phase further comprises m solution 

weight-*, Al max 2, m max io, si Bex 2, cu max 10, 
5 Fe max 20, Ag max 5 and Au max 10. 

5. Sintered cemented carbide alloy according to any of 
the preceding claims character!* e d in 
that said binder-phase comprises in solution 0.1-10 

10 weight— % TiN and/or TiCN. 

, ose of the sintered cemented carbide alloy according 
to any of the preceding claims with a binder-phase 
content of max 4 weight-* for cutting of chipboard, 
15 Bedium density fibreboard and particle board. 

r. ose of the sintered cemented carbide alloy according 
to any of claims 1-5 with * binder-phase content of 4 9 
weight-* for cutting of solid dried wood. 

20 .. use of the sintered cemented carbide 

to any of claims 1-5 with a binder-phase content of 10 
30 weight-% for cutting of solid wet wood. 

use of the sintered cemented carbide ^according 
t. any of claims 1-5 with a binder-phase content of 
2 0 weight-% in tools for machining of 
tronic circuit boards and similar composite materials. 
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